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SCALfi- MODEL STUDIES FOR THE IMPROyEMENT OF FLOW 
PATTERNS OF A LOW- SPEED TUNNEL 

By 

P.S. Barna* 

ABSTRACT 

The report summarizes work performed under NASA grant NS6 1563 during 
the period from March 1 to May 31, 1981. Tliis work was performed on the 
.model V/STOL tunnel housed at Old Dominion University. Significant results 
were achieved in investigating the following areas: 

(1) Static pressure variation around the closed tunnel circuit as 
affected by the application of various screens; 

(2) Pressure rise and radial distribuition of flow through the fan; 

(3) Variation of screen parameters and screen location affecting the 
flow; and 

, (4) Effects of multiple screens on the velocity distribution in the 

fourth diffuser. 

In these tests the fan was driven through a long shaft by an externally 
situated 11,190-W (15- HP) motor equipped to turn at 4 speeds. 

INTRODUCTION 

Studies of the scale-model V/STOL tunnel have been mainly concerned 
with the velocity distribution observed around the tunnel circuit during 
the study of 1980. A progress report for the period August 1, 1980 - Febru- 
ary 28, 1981 was prepared which contained the main results (ref. 1). While 
the velocity distributions were, found useful for establishing the various 
flow patterns, they alone did not fully explain the fundamental issues asso* 
ciated with the problems relating to the full-scale tunnel. It was felt 
that a closer examination was needed which entailed studying the static 

*Research Professor, Department of Mechanical Engineering and Mechanics, Old 
Dominion University, Norfolk, VA 23508. 


pressure veriscions around the circuit, the pressure rise across the fan, 
and the effects of screens both up- and downstream from their respective 
points of application, 

The static pressure changes around the tunnel circuit help to provide a 
fair indication of pressure losses due to resistance to flow in the various 
conponents, and they also furniih evidence of the pressure gains due to 
recovery in the diffusers. Although the static pressure rise across the fan 
(as measured by static tappings) nay only be considered an average figure, 
it may be useful for evaluating the overall effects of the various 
conponents on the fan energy demands, 

Total pressure changes across the fan blades and their radial locations 
along the blades furnish details of the fan's performance locally, and from 
these the overall performance may be obtained by conventional averaging 
methods. (This method requires a traversing yaw meter,) 

Finally, studying flow distribution changes as affected by single or 
multi-tier screens was deemed of considerable interest and a variety of 
combinations were tried to discover the roost effective screen design, 

LIST OF SYMBOLS 

AggoQ area open to flow as described by the geometry of a duct, 

m^ 

Agff effective area as defined in Appendix B, m^ 

B blockage, as defined in Appendix B, % 

Cps pressure coefficient relating to static pressure in, the 

tunnel divided by the dynamic head q at test section 

inlet 

d screen wire diameter, m or cm 

m number of screen wires per unit length 

Ps static pressure at any point of the tunnel circuit. Pa 

APg Euler pressure rise through the fan 

r radial distance from tunnel centerline (relating to fan), m 

R fan outer radius, m 
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q 

u 


'max 


Vt 

w 

y 

6 

6 * 

P 

Abbreviation 8 
TS 
H 
V 

W.G. 


dynamic head, defined aa 1/2 fiV^, Pa 

velocity of atream at diatanee y in the varioua tunnal 
conponenta aa meaaured from the inner wall, m/a 

maximum velocity attained in the atream at any traverae 
atation 

axial velocity of atream downatream from the fan, m/a 

whirl velocity of stream downatream from fan, lu/a 

tangential velocity of the fan bladea at r diatanee, ro/a 

width of the tunnel at referenced traverae atation, m 

location of traverae acroaa traverae atation meaaured from 
inner wall, ro 

poroaity of wire acreena, percentage defined aa (1 - md)^ 
boundary- layer diaplacement thickness, m 
air density, kg/m^ 

yaw angle of air velocity downstream from the fan 


traverse station 
horizontal traverse 
vertical traverse 
water gage 


DETAILS OF WORK 


Static Pressure Variations 

Figure 1(a) is a line diagram of the closed- circuit tunnel while figure 
1(b) is a photographic view. The numbers 1 to 21 shotm on the line diagram 
refer to selected traverse stations where velocity distributions were previ- 
ously obtained (ref. 2) on the full-scale tunnel. In these model tests 
static pressure tappings were located at relevant points only, particularly 
near traverse stations 1, A, 8 , 9, 10, 11, 13, 14, 15, 16, 19 and 21. All 
static pressure was measured relative to atmospheric air, and a nondimensi- 
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onal, noriMlizad coa£fici«nt vas obtained by dividing the atatic preaaure* 

Pt, with the dynamic head, q, ■taaured at TS 21» The presaure coeffi- 
cient *** then plotted againat the tunnel circuit length. The 

circuit length rapraaantad the modal by a aingle atraight line aa if it ware 
an open tunnel and provided eaoy recognition of the preaaure changea that 
took place alongaide. 

The traah acreen of the full-acale V/STOJ- tunnel attached to the turn- 
ing vanea of the aecond corner waa not ainulated in the model tunnel cor- 
rectly becauae the preaence of the ahaft driving the fan prevented ita diag- 
onal placement. Inatead, it waa placed perpendicular to the axia of the 
tunnel, acroaa the flow at TS 9/B. 

A typical aet of teat reaulta ia ahown achematically in fl^re 2 with a 

acreen m ■ 42 and S ■ 0.59 at TS 9/B. By "achematically" it ia meant that 

the preaaure changea between pointa are ahown aa atraight linea, which may 

not be neceaaarily atraight in practice (ref. 3). When inapecting figure 

2(a), atarting from left, one noticea the aharp drop in which waa 

due to the flow acceleration through the contraction between traverae ata- 

tiona 19 and 21. Since the velocity remained easentially conatant between 

TS 21 and TS 1, any further decreaae in C waa mainly cauaed by akin 

pa 

friction, although a alight acceleration may be anticipated owing to bound- 
ary-layer buildup. In the firat diffuser (following the teat section), 
recovery between TS 1 and TS 8 appeared quite substantial, indicating that 
the first diffuser was working satisfactorily. Further downstream, a small 
drop between TS 8 and TS 9 waa experienced due to losses across the corner 
vanea and flow control vanes. This loss was nearly conf>ensated with the 
alight recovery in the second diffuser. The trash screen located at TS 9/B, 
together with the aecond corner, seemed to cause a considerable drop in 

between TS 10 and 11, indicating the unduly large resistance to flow 
caused primarily by the dense screen (m • 42, 8 - 0.59). The following 
small rise was due to a modest recovery in the third diffuser upstream from 
the fan. The rise of static pressure across the fan began at TS 13 just 
upstream and ended downstream at TS 14 at exit from the counter vanes, where 
the pressure was found slightly above atmospheric. Some recovery was no- 
ticeable in the fourth diffuser between TS 14 and TS 16, up to the location 
where the air vent was situated. There the absolute pressure was found to 
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be Che highest in the circuit. The slight pressure differen.^ betifsen the 
inside end atmospheric air allowed the inducted air to be vented outwardly. 
No substantial pressure changes were found between traverse stations 16 and 
19 owing to the very Low velocities prevailing there. 

Effects of the Air Breather on Pressure 

With the air breather open, the pressure dropped and recoveries 
appeared to be about the same as those with the breather closed. However, 
the energy expended for inducting the air had to be met by the fan, and the 
bigger rise in fan pressure indicated the additional energy was needed. 

Since the air vent set the pressure to be about atmospheric, it also set the 
pressure at fan exit. To meet this so-called "matching condition," the 
pressure upstream of the fan must be lower with the air breather open than 
with it closed. Hence, all preseures between TS 4 (where the air breather 
is located) and TS 14 must also be lower, as shown in figure 2(b), where for 
the purpose of comparison pressure variations for both open and closed air 
bceather are plotted. 


Effects of Screens on Pressure* 

Variation of screen parameters appeared to affect the flow both up- and 
downstream from the screen location. However, the effects downstream are 
much more marked than those upstream. In figure 3 the pressure variations 
around the circuit are shown foi: a variety of setups: without the screen at 

TS 9/B, as well as with two screens separately applied, one with m • 42, 3 ■ 
0.59, and the other with m « 50, 3 •• 0.32. 

Upstream from TS S the pressure appeared to be unaffected; between IS 8 
and TS 9, slightly affected; between TS 9 and TS 14, markedly affected; and 
between TS 14 and TS 18, moderately affected. The application of fhe low* 
porosity screen (3 “ 0.32) resulted in such a high resistance that the low- 
est pressure in the circuit fell below ■ -1.2 and the pressure rise 
a.:ro8s the fan more than doubled, as compared with the higher porosity and 
less dense screen (3 > 0.59). Recovery in the third diffuser seemed to 

improve with screen density, and the rise AC between TS ll and TS 13 

P* 

was found larger for the low-porosity screen and the smallest for the setup 
in which no screen was used. 


Son* o£ tha protoCypa NASA V/STOL tunnaL daca ara aUo ■hewn on ligura 
4, aupariapoiad on data obtainad with tha modal tunnal. It appaara that in 
tha £ull~tcaLa tunnal tha praaaura drop waa amallar in tha teat aaction than 
in tha modal dua to tha highar Kaynolda numbara* Racovary in tha tirat 
diffuaar aaaaiad to ba about aqual £or both n»dal and prototypa; howavar, tha 
difference becomea more marked between IS 8 and TS 9> The preaaure coaffi- 
dent becaiae more negative in the model, while it reaiained almcat conatant 
in the fuLl-acale tunnel. Thia meana that the loaaea in the full-acale 
tunnel when expreaaed in total head + q v'cre due to changea in 

the velocity diacribution rather than in changea of atatic preaaure p, 
acroaa the corner vanea. The traah acreen attached to tha third corner in 
the full-acale tunnel cauaed a larger drop in preaaure due to ita lower 
poroaity than that in the model. A geometrically aimilar acreen employed in 
the model would have cauaed the aame roaiatance, but at the time of teating 
a perfectly aimilar acreen waa not available for the model experimenta*. It 
appeara from figure 3 that the fan automatically compenaated for the up- 
■tream preaaure drop by increaaing ita preaaure riae acroaa the bladea. 
Finally, the amall recovery found in the fourth diffuaer ahowed a relatively 
low efficiency which waa partly due to the geometry of the diffuaer and waa 
partly cauaed by the nonuniform Velocity diatribution at the entrance to the 
diffuaer downatream from the fan. Between traverae atationa Id and 18, 
changea in the preaaure coefficient may be ignored aince the dynamic 
preaaure q waa amall there. 

Introduction of varioua acreena at TS 15 increaaed the load on the fan 
and markedly inq>roved the velocity diatribution at diffuaer exit. Among the 
varioua experimenta performed, there waa one combination of acreena in which 
no traah acreen waa employed upatream of the fan, while at TS 15 (halfway 
along the fourth diffuaer) a aingle-layer, mediunr poroaity acreen (m " 24, 8 

■ 0.57) waa inatalled. Upatream, between traverae atationa 8 and 11, the 
inlet and outlet preaaurea were found to be about the aame; of courae, 
preaaure variation between 8 and 11 may be noticeable, but the preaaure 
decreaaea were compenaated by recoveriea. However, the preaaure riae acroaa 
the fan increaaed, thua conpenaating for the 4Cp^ ■ 0.1 drop acroaa the 
acreen at TS 15, aa ahown in figure 4(a). Vlhen uaing a higher poroaity (m 

■ 4, 8 • 0.83) rather coarae traah acreen at TS 9/B, and alao a higher 


For the prototype V/STOL tunnel traah acreen, m 25 8 - 0.52. 
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pctroaiey (m 1$, $ ■ 0.73) fcraan at fS 15» a aMcIi laaa aevaKt pvaaiura 
drop ■ 0.01 waa axpariancad at TS 15t aa ahown on figura 4(b). 

The experiaanta with varioua alxa orifice platea (17-, 18- ind 19-in* 
diaaeter opaninga) upatraaa froa the fan reaultad in a praaaura decraaae 
upatreaa of the fan in the third diffuaar, where preaaure recovory waa 
axperienead in taata pravioualy perforacd without an orifice. To eoapanaate 
for thia drop, the praaaura riaa acroaa the fan incraaaed, aa ahown in fig- 
ure 5. The orifice with the optinua opening of 45.7 ca (18 in.) did ii^rove 
the fan perforaance to a liaited extent, aa will be ahown later. 

A coabination of acraena with different aeah aiaea and poroaitiea de- 
noted aa "compoaite acraena" reaultad in aarkadly iaproved velocity diatri- 
bution at the expenae of only aodcrate loaaea. Several conpoaita coabina- 
tiona ware tried, and their reapective coapoaitiona are ahown in ^pendix A. 
Conpoaita A (fig. 6) and conpoaite E (fig. 7) danonatrata praaaura varia- 
tiona around the tunnel circuit. 

Preaaure Riae Acroaa the Fan 

P^cent atudiea on diffuaer perfornance clearly eatabliahed that dif- 
fuaer performance not only dependa on the geometry but alao on the velocity 
diatribution at entry (or inlet) to the diffuser. Diffuaera with uniform 
velocity diatribucion at inlet are claimed to yield high recovery even when 
the encloaed diffuaer angle 29 ia wider than the recommended optimum, 
thought to be between 5 and 7 degreea (ref. 4). On the other hand, nonuni- 
fona velocity diatribution af facta the performance adveraely, and diffuaera 
with high blockage at inlet are known to atall even when their angle ia low. 
It then atanda to reaaon that, if an axial flow fan ia aituated at diffuaer 
entry, the radial velocity diatributioo muat have a marked effect on the 
diffuaer performance. Such ia then the caae with the deaign in the V/STOL 
tunnel, where the fan ia located right at the inlet to the fourth diffuaer. 
Now, in order to eatabliah the "blockage," the axial velocity diatribution 
muat be determined. (See Appendix B.) 

The performance of the axial flow fan itaelf can be more fully atudied 
from the contribution to preaaure riae of the individual elementa that make 
up the bladea. The overall atatic preaaure riae acroaa the fan ia generally 
obtained from the difference in atatic preaaurea meoaured with atatic 


porthol«i located up- and dovnattcaM of the fan. Howavfffi luch an overall 
preaaure rise may only be conaidered an approximate average because the 
radial variation of such quantilities as the vhirl and axial velocities, yaw 
angle, etc. remain unaccounted. To account for these quantities, it is 
necessary to obtain their radial diet;? ibut ion by established traversing 
techniques employing yaw probes. 

The axial flow fan for the model tunnel was designed for a constant 
pressure rise along the blade assuming constant axial velocity distribution 
and "free whirl" (ref. 5). The results of fan tests show that the design 
assumptions were not fully met in practice, probably because of flow distor- 
tions upstream. 

In figure 8 through 12, the radial variation of whirl velocity Vm, 
axial velocity flow angle downstream from the fan 4, <nd the local 

presaure rise (Euler "head") dp^ are plotted against nondimensional radial 
location, r/R. 

Reaults obtained in absence of upstream screens and orifices are shown 
in figure 8, where certain peculiarities may be observed which are riore or 
less common to all fan test results, inasmuch as two distinct regions 
appear: Region I extends between r/R *0.4 and 0,8, and region T1 extends 
between r/R ■ 0.8 and l.O. Inside region 1 the pressure rise was constant, 
on the average, while the whirl closely followed the free-whirl distribu- 
tion. While Che axial velocity "ran ahead" near Che root of the blade, 
owing to the presence of the elliptically shaped hub, it almost remained 
constant between r/R • 0.2 and 0.85. Unlike Region 1, inside region It all 
variables, except began to increase rapidly with increasing radius 

while Vg decreased rapidly. 

Similar results were observed with the application of orifices, as 
shown in figures 9(a), 9(b), and 9(c). With decreasing orifice sise, Ap^ 
became smaller and the axial velocity was affected to a large extent near 
the root region, while in the tip region V, decreased less and less. 

With the application of screens upstream of the fan, the flow became 
more markedly affected as screen density increased and porosity decreased. 
The axial velocity decreaaed and the presaure rise across the fan increased 
in the tip region. Applying a screen at TS 9/B with m ■ 42 and 8 ■ 0.59 


rtiultcd in a tip ■ 13,4 in. V.G. , at ihoim in fi|ura 10(a), vhiU a 
danaar acraan with m ■ 50 and low poroaity # > 0.32 produead aora than 16 
in« W.G. tip praaauea riaa, as ahown in figura 10(b), A eonaidarabla dtpar- 
tuta froa tha idaal fraa whirl diatribution waa alao obaarvad. 

Tha aoat paculiar diatribution of variablaa aay be aaan in figura 11, 
which ahowa raaulta with tha 43.2-ca (17^in.) orifica in eoabination with 
tha a ■> 50, S ■ 0.32 acraan at TS 9/B, Due to a probabla flow ravarflal 
upatream, tha axial velocity Call back near the root (r/R - 0,4 to 0,55), 
while it raaainad nearly conatant between r/R " 0.55 and 1,0, Alao, 
and Apg followad the pattern of near the root and, aa before, thaaa 
markedly incraaaad near the tip. 

Application of a acreen downatraam from tha fan did not change the flow 
acroaa the bladea a great deal, aa ahown in figure 12, where the curvea 
compare favorably with thoae of figure 8. 

SCREEN EFFECTS ON FLOW DOWNSTREAM FROM FAN 
Screona at TS 15 

The varioua acreena applied at TS 15 (i.a. . halfway down the fourth 
diffuaer) produced reaulta which affected the flow diatribution moatly down- 
atreara. Depending on flow parametera, a aingle acreen located at TS 15 
improved the flow at TS 16, aa ahotm in figure 13, where the velocity dia- 
tributiona for two acreena, one with m ■ 24> 8 ■ 0,57 and the other with m ■ 
16, 8 ■ 0,73, are plotted. When coiupared with reaulta obtained without a 
acreen, the more denae acreen produced a velocity diatribution that varied 
between 1.0 and 0,86. Thia wai a favorable iagtrovement over the no acreen 
diatribution, with a variation between 1,0 and 0.67. 

Multiple acreena with varied poroaity applied at TS 15 produced a vari- 
ety of reaulta, aa ahown in figure 14. The relevant detaila of compoaition 
of the varioua acreena are ahown in figurea 14(a) to (e). When comparing 
the velocity diatributions probably the moat favorable reaulta irere obtained 
with conpoaite D [fig. 14Cd)], where three acreena were auperimpoaed, 

Firat, a coarae n * 8 baae acreen waa atretched right acroaa the entire 
flow; at about 20 percent of the width inboard from each aide, a aecond 
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fcreen was tuperiopoaed with m " 16 and 6 ■ 0.73. K center hole of 12.7-cn 
(5'in. ) diaMter waa cut out of both acreena, and a coarae acreen with m ■ 

4, 0 ■ 0.83 waa placed into the cutout. The reaulting diatribution at TS 16 
waa almoat conatant, varying only between 1 and 0.9 acroaa the flow aa ahown 
in figure 14(d). The flow diatribution ahown in figure 14(e) is the reault 
of four tiera, and more humpa and hollowa may be obaerved than in figure 
14(d). The reaulting flow at TS 19 appeara about the aame in both figurea 
14(d) and (e), aa ahown in both grapha auperimpoaead over the diatribution 
at TS 16. However, aince figure 14(d) ia a aimpler compoaition than figure 

14(e), it demonatratea the diatribution more clearly. 

0 

Reault a obtained with higher poroaity acreena, aa ahown in figurea 
14(a), 14(b), and 14(c), where the velocity defecta found between ■■ 

0.7 and 1.0 were only marginal improvement a. 

Screens at Various Traverse Stations 

The placing of different single screens (in succession) at TS 9/B indi- 
cated the immediate effect of screens close up* and downstream from the 
acreen location. In figure 15 the upstream effects on the velocity distri- 
bution are ahotm super inposed as affected by one screen with m ■ 42, 8 ■ 

0.59 and another with m " 50 and $ “ 0.32. The differences were practically 
negligible. The downstream effects, however, were quite dramatic, inasmuch 
as the denser screen (8 ■ 0.32) caused a velocity inversion while the less 
dense screen (8 *■ 0.59) lifted the low-velocity region, as shown in figure 
16. It would be of considerable interest to find that particular screen 
which would straighten the flow out and render it conqiletely uniform. 

The placing of different single screens at TS 9/B also affected the 
flow immediately ahead of the fan. In figure 17 the results of four veloci- 
ty traverses obtained at TS 13 with different screens are superimposed. 

These traverses extended only between the outer wall and the drive shaft be- 
cause access was blocked by the inner wall. 

The results showed similar velocity distributions for three medium- 
density screens (of which one was a partial) and steadily falling velocities 
with increasing radii. The dense screen (m ■ 50, 8 ■ 0.32), however, showed 
a markedly different distribution characterized by a large defect near the 


middle (r/R ■ 0.4) between two peakWi «■ shown by the solid line on figure 
17. 


CONCLUSIONS 

The experiments performed on the return circuit model tunnel have been 
divided into three categories: namelyi pressure variation around the tunnel 

circuit, pressure rise across the fan, and velocity distribution across the 
flow at relevant traverse stations. The tests showed that an interdepend- 
ence between these categories existed when the resistance to flow was manip- 
ulated. Accordingly, the conclusions are as follows: 

(1) The results on the pressure variation around the circuit clearly 
indicated that pressure losses caused by the introduction of screens at any 
location were accompanied by an increase of overall rise in pressure across 
the fan, above the rise experienced without the presence of screens. Simi- 
lar observations were made with the different orifices introduced upstream 
from the fan. 

(2) To compensate for increasing tunnel resistance, the required pres- 
sure rise across the fan was affected, and marked changes in radial distri- 
bution of the rise have teen observed. The tendency was always towards an 
increase of tip loading, which in turn demanded higher lift at the expense 
of flow through the tip region. The higher lift was accompanied by higher 
drag. Thus, the increase of resistance in the circuit was always accompani- 
ed by higher blockage, a clearly undesirable flow distribution into the 
fourth diffuser. 

(3) Velocity traverses were also affected by the screens, and the 
dense screens inverted the velocity field downstream while hardly affecting 
the flow distribution upstream. The application of various screens upstream 
did not inq>rove the flow into the fan because the screens, even if they did 
improve the flow, added resistance which in turn adv;>.rsely affected the 
pressure rise across the fan. However, the various combination of screens 
applied downstream from the fan at TS 15 markedly improved the flow at the 
fourth diffuser exit without unduly distribing the fan performance. 


11 


APPENDIX A 


MULTI-TIER SCREEN COMPOSITION 

In the nulti-tier icreeni, the beae screen designated as "a" stretches 
from wail to wall, right across traverse station 15. Subsequent layers are 
fastened to the base layer, and their size varies as shown in detail in 
figure 14 for the five compositions tested. The mesh size m and porosity 
S are given in the table for each composition; 


Composite 

Designation 

Screen Section (Layer) Designer 

ion 


a 

b 

c 

d 

A 

m ■ 8 

16 

8 



P - 0.74 

0.73 

0.74 

- 

B 

m ■ 8 

16 

8 (45*) 



B - 0.74 

0.73 

0.74 

- 

C 

ffl * 8 

4 




B - 0.74 

0.83 

- 


D 

m - 8 

16 

4 

- 


B - 0.74 

0.73 

0.83 

- 

E 

m ■ 8 

4 

4 

2 


B - 0.74 

0.83 

0.83 

0.93 


APPENDIX B 


CALCULATION OF BLOCKAGE AT ENTRANCE TO LEADING DIFFUSER 
FROM EXPERIMENTALLY OBTAINED VELOCITY DISTRIBUTIONS 


Let blockage 


A - A 
geom eff 

A 

geom 


where A ■ ir1^ and A • A - 2wR6^, 6* being the displacement 

geom eff geom 

thickness of the boundary layer. For axisynmetric flow (See fig. Bl): 


U 2itR 6* “ / (U - u) 2ifrdr 
c ' c 

o 


Introducing r ■ R - y, dr ■ -dy 


S* 




For the measured velocity distribution u ■ f(y), the quantity (l — 

V y\ 

can be plotted against ^ and itttegrated giving an area, say, A. Hence 6* > 

AR and B “ 2irRu* ■ 2irR^A. However, since blockage is expressed in percent- 
age: 


BX - _L - 2A 
itr2 


Therefore, 


B% - 2 / 


'A-T)rH) 


13 


Sinilar con* iderat ions apply to the Can annulua at the entrance to the 
fourth dlCCuaer of the V/STOL tunnel. The blockage can be calculated with 
the velocity distribution obtained from yaw traverses downstream from the 
Can between the tip radius R and hub radius Rq. Since the center of 
the ducting is occupied by a eenterbody, U may be replaced by U » 
which is found near the hub. To obtain the displacement thickness, calcu- 
late 

"™iK ** ■ g/* 

hence 

|1- f* (1 - u/0„,) A 

R Rq R R 

Since the geometric area A ■ r (R? - R^) ■ w R^[l - (R^/R)^l, one 

geom o o 

obtains the blockage 
2A 

B 7 

1 - (R /R)2 


Example ; 

As an example for the axial velocity distribution shown in figure 10(a) on 
page 30, one obtains a blockage of 20 percent. 



Figure Bl. 
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Figure 1(b). Photograph of the V/STOL tunnel. 
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with a screen at TS 9/B 




















Figure 6. Pressure variation around model tunnel circuit--^ affected by no screen at TS 9/B 
and dual porosity screen at TS 15. 
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(a) No orifice; screen at TS 9/B, m ■■ 42, 3 <■ 0.59 


Figure 10. Variation of fan performance along blade with increasing screen 
resistance. 
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(b) No orifice; screen at TS 9/B, m > 50, 0 •• 0.32 
Figure 10. (Concluded.) 
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Figure 11. Variation of fan performance along blade in presence of an orifice 
and screen; orifice 43.18 cm (17 in.), screen at TS 9/B, m - 50, 

3 - 0.32. 
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Figure 12. Variation of fan performance along blade in absence of orifice 
and screen at TS 9/B; screen only at IS 15, m - 24, 3 " 0.57. 
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Figure 14. Effects of a multl-tler screen located at TS 15 on the down- 
stream flow observed at traverse stations 16 and 19. 
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Figure 14. (Continued.) 
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Figure 14. (Continued.) 
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m ■ 8 

SECTION B - 3 - 86% 
nt - 4 (w/4" HOLE) 
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m • 4 
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m ■ 2 
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(e) Composite E 


Figure 14. (Concluded). 
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Figure 15. The upstream effects of a screen on the velocity distribution In 
the horizontal plane at TS 9/B. 







TUNNEL 



Figure 17. Velocity distribution immediately upstream from the fan at 
TS 13— as affected by application of various screens at 
TS 9/B. 
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